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[57] ABSTRACT 

A method for reducing the current consumption of a refer- 
ence voltage circuit while a synchronous DRAM is in 
standby power-down mode is provided. The-reference^volt- 7 
^age-is stored on-a- capacitor within the DRAM circuit: The 
reference-voltage^circuit-is s^le^tryely-diso^ected~from, 7 
and-reconriectea"to~toe~ time 
intervals during- apower- down mo~de^ in* order to ensure 
leakage compensation; When the power down mode exceeds 
apredetenriined timeline reference Volt^ge^ifcuit is dis- 
abled to fu rmer reduorthe current consumption. , 

14 Claims, 2 Drawing Sheets 
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METHOD AND APPARATUS FOR reference voltage circuit output and a Vref-node within the 

REDUCING THE BIAS CURRENT IN A circuit and selectively disconnects Vref-node from the ref- 

REFERENCE VOLTAGE CIRCUIT ere nee voltage circuit. A second switching means disposed 

between the reference voltage power supply input and an 

BACKGROUND OF THE INVENTION 5 external power supply selectively disconnects the power 

supply feeding the reference voltage circuit. The first and 

FIELD OF THE INVENTION second switching circuits are connected to, and controlled 

The present invention relates to a circuit for reducing the me controller, 

bias current in a reference voltage circuit. More specifically, ™ e reference voltage Vref is preferably momentarily 

it relates to a method and circuit for reducing current 10 storcd "> a capacitor within the chip circuit. The capacitor 

consumption of a reference voltage supply to a semicon- ma Y be one of the decoupling capacitors in the circuit. The 

ductor memory momentarily stored Vref enables a cyclic connection and 

disconnection of the reference voltage circuit via the first 

BACKGROUND OF THE INVENTION switching means without interrupting the operation of the 

15 circuit. 

Numerous reference voltages are provided for powering a 

semiconductor memory. The voltages are derived from a few BRIEF DESCRIPTION OF THE DRAWINGS 
(or even just one) reference voltage circuits, e.g., a bandgap 

reference circuit supplies a reference voltage to a synchro- A more complete appreciation of this invention, and many 

nous DRAM 20 °* tne attcrK * ant advantages thereof, will be readily apparent 

r „ . . , r . . as the same becomes better understood by reference to the 

ttiis bandgap reference voltage circuit consumes a con- - „ . , , , . ♦ . /. . . . 

r • .. * n fr i ii.- following detailed description when considered in conjunc- 

sum current of typ.cally 7-10M from a power supply. Hus ^ ac P to drawi in which ^ ^ fcr . 

current consumpnon is acceptable dunng normal operation ence b indicale ^ ^ of ^ 

of the chip, when the overall current consumption of the chip wherein* 

is in the range of several hundred milli-amps. However, in 25 

power down mode, the maximum current consumption of FIG * 1 15 a block diagram of a bias current reduction 

the chip is in the order of magnitude of 100 fiA. In this case, circuit wording to the invention; and 

the power consumption of the reference circuit contributes FIG. 2 is a state diagram of a state machine (controller) for 

significantly to the overall power consumption. controlling the power conservation during the power down 

One method to reduce power consumption during a 30 mode of a DRAM - 

standby mode was proposed by U.S. Pat. No. 5,189,316, DETAILED DESCRIPTION OF THE 

which is entitled Stepdown Voltage Generator Having an INVENTION 
Active Mode And a Standby Mode. According to that 

disclosure, an integrated circuit includes a stepdown circuit The invention generally relates to power conservation and 

for stepping down a supply voltage supplied by an external 35 particular to power conservation in electronic circuits. To 

power supply, an inactivating means for disabling facilitate discussion, the invention is described in the context 

(inactivating) the stepdown circuit during the standby mode, of semiconductor memory circuits. However, the invention 

and a supply voltage applying means for directly applying is broader and is applicable to electronic circuits using 

the supply voltage from an external power supply to the reference voltage circuits. 

main circuit during standby mode. 40 Referring to FIG. 1, the control circuit 10 includes a 

switch 24a which selectively connects reference voltage 

SUMMARY OF THE INVENTION circuU n {Q the Vre f-node. A switch 24b selectively con- 
According to an illustrative embodiment of the invention, nects reference voltage circuit 12 to an external power 
a stabilizedTeferencejvoltage^Vref) is stored-on a capacitor-- 45 supply (not shown), and thereby enables a controller 14 to 
within an integrated circuit/such as : a synchronous DRAM selectively activate or deactivate reference voltage circuit 
ctirpT, and a reference voltage circuit generating the Vref is 12. Controller 14 is a state machine adapted to control the 
disconnected from the Vref-node "upon detection of a power switching connections between the reference voltages cir- 
downiconrtnon-^ the power down cuit 12 and its external power supply, and its connection to 
condition starts a counter. When the power down condition 50 Vref-node. It is apparent to one skilled in the art that the state 
exists for a first:predetermined time-period, the. reference machine (controller 14) can be implemented with simple 
voltage -circuit is further disconnected- from- an external , logic circuitry such as, for example, logic gates, flip flops or 
power supply feeding -the same. After a second predeter- even more complex processor control circuitry. 
m^nedJime-period.inithe" power down mode; the-external Switch 24b is shown as a symbolic representation of one 
powersupply is reconnected.to the reference_voltage.circuit. ? 55 method by which reference voltage circuit 12 can be dis- 
The Vref-node is then reconnected to t he refe rence voltage abled by disconnecting it from its external power supply, 
circuit when either a third pre^elermihec) iimeperiod "in the Other electronically intelligent methods for disabling refer- 
power down moderisidetecfed;-6r : the"power down mode is ence voltage circuit 12 can also be employed without 
terminated. departing from the scope of this disclosure. 

If the power down mode is terminated prior to reaching 6 o Controller 14 receives counter signals 28 from counter 16, 

the first predetermined time period, the reference voltage which is driven by a clock signal 26 generated by oscillator 

circuit is reconnected to the Vref-node. 18. Oscillator 18 can be an existing oscillator used for other 

An illustrative embodiment of the invention includes an chip functions that cannot be turned of! during power down 

oscillator for generating a clock signal which is supplied to mode, or a dedicated oscillator designed for this purpose, 

the counter. The counter outputs counter signals (i.e., time 65 When switch 24a is closed, reference voltage circuit 12 is 

marks) to a controller which controls the operation of the connected to, for example, decoupling capacitances 20 and 

circuit. A first switching means is disposed between the to the gates of transistors 22 throughout the chip, which form 
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an additional parasitic capacitance. The capacitance added 
can be a completely parasistic one or a combined decoupling 
parasitic capacitance. There are no ohmic loads driven by 
reference voltage circuit 12. 

Upon power-up of the chip, capacitances 20 will be 
charged to Vref. The reference voltage Vref will remain 
stable on this capacitance even if the reference voltage 
circuit 12 is separated from the Vref- node by a switch. The 
capacitances 20 effectively sample the Vref voltage and store 
the same. Since Vref is only connected to the gates of 
transistors 22, the leakage from Vref node is extremely 
small, and the time that switches 24a and 24b can be opened 
is in the millisecond range or higher 

In a power down mode, controller 14 opens switch 24a to 
separate Vref- node from reference voltage circuit 12. After 
a predetermined time has elapsed in the power down mode, 
controller 14 disconnects reference voltage circuit 12 from 
its external power supply (via switch 24b) to deactivate 
reference voltage circuit 12. ITie opening of switch 24a 
prevents current flow from the Vref-node into reference 
voltage circuit 12, and the disconnection of circuit 12 from 
its external power supply causes the power consumption of 
reference voltage circuit 12 to be zero. 

In order to ensure that leakage currents are compensated 
on the Vref-node, the reference voltage circuit 12 is selec- 
tively turned on (i.e, reconnected to the external power 
supply) at regular intervals (e.g., for 40 every 2 ms). After 
the output voltage of the reference voltage circuit 12 is 
stable, switch 24a is closed to reconnect Vref-node with 
reference voltage circuit 12. Thus, a drop in Vref due to the 
leakage currents is compensated. The timing of the cycle is 
dependent on the amount of leakage to be compensated. For 
example, if the leakage current are low, the timing required 
for compensation will be less than when the leakage currents 
are high. The minimum on/off ratio of switch 24a is a 
function of process characteristics, and can be adjusted 
according to the actual leakage current on the Vref-node. 

FIG. 2 shows a state diagram of the operation of controller 
14 during the power-up or power down mode of the chip. 
During operation or power-up, reference voltage circuit 
(RVQ 12 is on (i.e., connected to its external power supply 
via switch 246), and switch 24a is closed when the output of 
RVC 12 is stabilized to connect RVC 12 with the Vref node. 
When the power down mode is been detected (state 42 of the 
control), RVC 12 is on, switch 24a is open to disconnect 
Vref-node from RVC 12, and counter 16 is reset. Subsequent 
to the resetting of counter 16, and the disconnection of Vref 
node from RVC 12, counter 16 begins running while RVC 
12 remains on at state 44. If the chip remains in power-down 
mode, as a result of inactivity, counter 16 will reach a first 
predetermined timing mark, and RVC 12 will be switched 
off by opening switch 24b at state 46. If, after reaching the 
first counter mark and proceeding to state 46, the chip is not 
in power-down mode, or counter 16 reaches a second timing 
mark, controller 14 proceeds to state 48 where switch 24b is 
closed and RVC 12 is reactivated. If the power down mode 
is halted for some reason before counter 16 reaches its first 
timing mark (e.g., chip function is in demand), controller 14 
proceeds to state 50 to reconnect Vref-node with RVC 12 by 
closing switch 24a. 

When the chip is no longer in power-down mode, or 
counter 16 reaches a third timing mark, controller 14 pro- 
ceeds to state 50 where switch 24a is closed to reconnect 
Vref-node to RVC 12. At state 50, the counter is still 
running. When the chip is in power down mode, controller 
14 proceeds to state 42, opens switch 24a and resets counter 
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16 to start the process again. When the chip is not in a power 
down mode, controller 14 proceeds to state 40 where switch 
24a is closed, and the counter is stopped. 

The predetermined timing marks that implement states 

5 46, 48, and 50, are variable according to the amount of 
leakage that needs to be compensated in the respective 
circuit. In an illustrative example of the invention, the RVC 
12 is turned on for 40 us every 2 ms. Thus, when power 
down mode is detected, RVC 12 is already on, and therefore 

10 the first predetermined timing mark is set at approximately 
40 us from the starting of the counter (state 42). Referring 
to FIG. 2, the deactivation of RVC 12 in state 46 would 
occur approximately 40 /is after resetting of the counter at 
state 42, provided the chip remains in power down mode, 

15 The second and third timing marks are not as critical as the 
first, and are set according to the on/off timing ratio needed 
to actuate the connection and disconnection of Vref-node 
from the output of RVC 12, via switch 24a, and re-connect 
RVC 12 to its external power supply. Thus, the initial 40 ^s 

20 for states 42 and 44 will probably be slightly lower to 
compensate for the additional time needed for the on/off 
switching ratio at states 48 and 50 when RVC 12 is also 
active or on. 

For example, the entire process of cycling through states 
25 42, 44, 46, 48 and 50 in power down mode should take only 
2 ms. The bulk of this time (i.e. 1.96 ms) is spent at state 46 
where RVC 12 is off. The remaining time for states 42, 44 
and 48, 50 are the states when RVC 12 is on, and therefore 
will only be active for a total of 0.04 ms or 40 us. 

30 

Although disclosed as a power saving technique during 
power down mode of a semiconductor memory, it is also 
contemplated to incorporate this technique during normal 
operation. Since the power consumption of the semiconduc- 

35 tor chip during normal operation is much higher than power 
down mode, the recognized power savings will be substan- 
tially less. The normal operation of the semiconductor chip 
will not be interrupted by the presented technique. 

Therefore, it should be understood that the present inven- 

40 tion is not limited to the particular embodiment disclosed 
herein as the best mode contemplated for carrying out the 
present invention, but rather that the present invention is not 
limited to the specific embodiments described in this speci- 
fication except as defined in the appended claims. 

45 I claim: 

1. A method for reducing power consumption in a refer- 
ence voltage circuit comprising the steps of: 

storing a reference voltage (Vref) on at least one capacitor 
in a circuit being supplied by the reference voltage 
50 circuit; 

detecting a power down mode of the supplied circuit; 

disconnecting the reference voltage circuit from a Vref- 
node within the supplied circuit when the power down 
mode is detected; 

measuring the time of the power down mode; and 

deactivating the reference voltage circuit after a first 
predetermined time period in the power down mode. 

2. The method according to claim 1, further comprising 
60 the steps of: 

reactivating the reference voltage circuit after a second 
predetermined time period in the power down mode; 
and 

re -connecting the reference voltage circuit with the Vref- 
65 node. 

3. The method according to claim 1, further comprising 
the steps of: 
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re-connecting the reference voltage circuit with the Vref- 
node within the circuit when the power down mode has 
been terminated before a first predetermined time 
period; and 

stopping the measurement of time of the power down 
mode. 

4. The method according to claim 1, wherein said step of 
disabling the reference voltage circuit from the Vref-node is 
performed by opening a switch connecting the reference 
voltage circuit and the Vref-node. 

5. The method according to claim 1, wherein said step of 
deactivating the reference voltage circuit further comprises 
the step of disconnecting the reference voltage circuit from 
an external power supply providing power to the reference 
voltage circuit. 

6. The method according to claim 2, wherein said step of 
re-connecting the reference voltage circuit with the Vref- 
node is performed after a third predetermined time period in 
the power down mode. 

7. The method according to claim 2, wherein said step of 20 
reconnecting the reference voltage circuit with the Vref- 
node is performed when the power down mode has been 
terminated. 

8. An apparatus for reducing bias current in a reference 
voltage circuit, the reference voltage circuit generating a 25 
reference voltage (Vref) and receiving power from a power 
supply, the apparatus comprising: 

a counter having a clock signal output; 

a control circuit coupled to a supplied circuit for detecting 3Q 
a power down mode, said control circuit having at least 
one input coupled to said clock signal output and a 
plurality of control outputs for outputting control sig- 
nals; and 

first and second switches connected to said plurality of 35 
control outputs and the reference voltage circuit for 
connecting and disconnecting the reference voltage 
circuit with the power supply and a Vref-node, 
respectively, in response to said control signals upon 
detection of said power down mode. 

9. The apparatus according to claim 8, further comprising 
at least one capacitor connected to the Vref-node and 
adapted to store the reference voltage Vref, 

10. The apparatus according to claim 8, further compris- 
ing an oscillator connected to said counter for generating the 
clock signal. 
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11. The apparatus according to claim 8, wherein said 
control circuit controls said second switch to disconnect the 
reference voltage circuit from the Vref-node when a power 
down condition of the circuit is detected. 

12. The apparatus according to claim 8, wherein said 
control circuit controls said first switch to disconnect the 
reference voltage circuit from the power supply when a 
power down condition of the circuit exists for a predeter- 
mined time. 

13. The apparatus according to claim 8, wherein said first 
and second switches further comprises: 

first switch means coupled to one of said plurality of 
control outputs and connecting the reference voltage 
circuit with a Vref-node within a circuit; 

second switch coupled to one of said plurality of control 
outputs and connecting the reference voltage circuit 
with the power supply. 

14. An apparatus for reducing bias current in a reference 
voltage circuit, the reference voltage circuit generating a 
reference voltage Vref and receiving power from a power 
supply, the apparatus comprising: 

an oscillator for generating clock signals; 

a counter connected to said oscillation means and having 

a clock signal output; 
a controller for detecting a power down mode and having 

at least one input coupled to said clock signal output 

and a plurality of control outputs for outputting control 

signals; 

a first switch connected between the reference voltage 
circuit and a Vref-node and coupled to one of said 
plurality of control outputs for selectively disconnect- 
ing the reference voltage circuit from a Vref-node in 
response to a received control signal; 

a second switch connected between the reference voltage 
circuit and the power supply and coupled to one of said 
plurality of control outputs for selectively disconnect- 
ing the reference voltage circuit from the power supply 
in response to a received control signal; and 

at least one capacitor connected to the Vref-node and 
adapted to store the reference voltage Vref. 
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